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EXECUTIVE SUMMARY

This report provides the results of a detailed study, accamplished
under the special continuing authority contained in Section 14 of the 1946
Flood Control Act, as amended, to determine the need and feasn.blllty of
providing shorelme erosion control measures at Lighthouse Beach in
Chatham, Massachusetts. The study investigated several altermatives for
protecting a 40 foot high embankment adjacent to a public parking area and
Main Street. The study was initiated at the request of the Chatham Town
Administrator.

The Town of Chatham is located at the "elbow" of the Cape Cod
pem.nsula, abmt91m11essoutheastofBostonand17m11eseastof
Hyannis, Massachusetts. The erosion site is located adjacent to a town
parking lot (scenic overlook) and Main Street, which is a principal
north-south access through Chatham.

During a severe coastal storm on October 30, 1991 a significant
section of a 460 foot long, 40 foot high easterly facing backshore
embankment was destroyed. This erosion caused the loss of about 160 feet
of paved sidewalk and granite curbing at the top of the embankment.
Currently the exposed area has left the entire parking lot and adjacent
roadway (Main Street) vulnerable to destruction from subsequent storms.

The study has determined that a plan of stone slope protection
consisting of a 6 foot thick armor stone on bedding layers of smaller
stone, up to elevation 20 NGVD, would provide a high degree of shoreline
protection. The estimated first cost of this plan is $980,000 with an
annual cost of $96,300. Total anmual benefits associated with the
protection of Main Street are estimated at $174,000. The project is
therefore economically justified with a benefit-cost ratio of 1.81 to 1.

It is recommended that, subject to conditions of local cooperation as
outlined in this report, the proposed project be constructed. The
estimated non-Federal cost share is estimated at $490,000.
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1. STUDY AUTHORITY

This report prcv1des the results of mvastlgatlons, accamplished under
the special continuing authority contained in Section 14 of the 1946 Flood
Act as amended, to determine the need and feasibility of constructing
shoreline embankment protection at Lighthouse Beach, Chatham,
Massachusetts. Section 14 allows for Corps of Engineers participation in
the construction of economically justified streambank and shoreline
erosion control projects when essential public works or public use
facilities are endangered by erosion. Non-Federal cost sharmg by a
legally empowered and financially responsible local sponsor is a
requirement of the Section 14 authority. Federal participation for any
single project, under the Section 14 authority, is currently limited to
$500,000. Federal assistance for alleviating the severe erosion problem
atMainStreetwasrequestedbytheduaumanofﬂuemathamBoardof
Selectmen.

2. DESCRIPTION OF STUDY AREA

The Town of Chatham, Massachusetts is located at the "elbow" of the
Capecodpemnsula, about 91 miles southeast of Boston and 17 miles east
of Hyannis, Massachusetts (see Plate 1, Location Map). PrJ.nc:Lpal access
to Chatham is provided by Massachusetts Route 28. Chatham is bordered to
the north by Pleasant Bay, totheeastbydmathaml—larbor, ard to the south
by Nantucket Sound. The current population of Chatham is estimated at
about 7200, while summer tourism normally triples this amount.

The erosion site is located at the easterly facing shore front
adjacent to Main Street, which is a principal north-south access through
Chatham (see Plate 2, V1c1n1ty Map). Other public facilities in this area
nxcludethedxathamL:.ghthousearﬂU. S. Ooastalardstatlon, as well as a
public parking lot that is heav11y utilized as a scenic overlook by the
tourist population. The erosion area is about 460 feet long and is
bordered by previously constructed revetments at its northerly and
southerly limits. The embankment is about 40 feet high.
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3. EROSION PROBLEM

During the severe coastal northeast storm of January 2, 1987, a breach
of the coastal barrier (Nauset Beach) occurred almost due east of the
current problem area (Lighthouse Beach). In the first three months after
the breakthrough the initial 20 foot wide breach increased to 3300 feet.
Across from the breach, along the Chatham mainland, attack by ocean waves
triggered massive shoreline erosion. Several private hames were lost
during the Jamuary 1987 storm and this condition was primarily responsible
for the private revetments being constructed adjacent to both ends of the
current problem area. Subsequent storms have resulted in larger waves
passingﬂmx;hthebreaduedareaarﬂthenewlymprotectedinner
shoreline has been subjected to a rapidly increasing rate of erosion.

On October 30, 1991, a storm similar to the January 1987 event
occurred, causing extensive coastal damage along the easterly facing
Massachusetts coast. This storm exacerbated the erosion condition at
Lighthouse Beach to such an extent that large quantities of highly
erodible bank materials were lost in the area between the two revetments
and portions of the parking lot at the top of the bank were undermined.
At this time the existing slope of the embankment is nearly vertical and
the high tide line is directly at the base of the slope. FPhotos of the
problem area are contained on the following pages.

4, PLAN FORMULATION

Prior to formulating a plan of protection for Shore Road, a "without
project" cordition was evaluated to determine impacts to the area and the
community if a protection project was not constructed. Without providing
any form of erosion protection the embankment would continue to erode and
would not only eliminate a valuable resource to the community, namely, the
scenic overlook parking lot, but would also eventually destroy this
section of Main Street. Over a period of several years the continued
erosion could impact on the Coast Guard property and the lighthouse
itself.

The two primary alternatives investigated for protection of the
roadway included either relocation or stabilization of the embankment with
stone slope protection or sheet pile, timber, or precast concrete walls.
Relocation of a 500 foot long portion of the roadway was determined to be
impractical for two primary reasons. First, the relocation would have to
extend beyond the Coast Guard property to adjacent private property. This
land taking would be very expensive. Secondly, without bank protection,
the erosion would continue and within a few years the relocated roadway
could be subjected to erosion conditions again.



Chatham Lighthouse Beach
September 1963



PHOTO 1 (Nov. 91)

Looking South along top of Embankment

PHOTO 2 (Nov. 91)

Lvooking North along top of Embankment
Note: 6' wide Sidewalk Missing



PHOTO 3 (Nov. 91)
Entire length of Eroded Embakment

PHOTO 4 (Nov. 91)

Northerly section of Eroded Embankment



PHOTO'5 (Nov. 91)
Existing Revetment at Base of Slope

PHOTO 6 (Nov. 91)
Stone placement in area adjacent
to Erosion Site



Although detailed engineering design was not accamplished for
alternative plans of protection, it is estimated that costs for sheet pile
or concrete walls would exceed costs for stone slope protection.
Alternative designs such as gabions or timber crib walls would not provide
permanent protection against ocean wave forces. The initial evaluation of
a revetment included review of a plan, prepared by Coastal Engineering
Campany for the Town of Chatham, to determine if it met criteria for Corps
of Engineers design. At the time of our review, the private campany
estimated project construction costs at about $800,000. This design
featured a stone toe utilizing 6 to 8 ton rock with only filter fabric
under the stone. Althouch this design had basically withstood the most
recent storm adjacent to the problem area, as part of plan formulation we
investigated alternate designs that would be acceptable to Corps criteria
and the local cammunity. This formulation determined that a stone slope
protection project, utilizing Corps design criteria, would be the least
costly and most acceptable plan of protection.

5. SELECTED PLAN

The erosion site is about 460 feet long. The selected plan of erosion
control at Main Street includes backfilling of the eroded area with
campacted random £ill and placement of a 6 foot thick layer of armor stone
(2-3 ton stone) on a 3 foot thick layer of underlaying stone (400 to 500
1bs. stone). A 1.5 foot layer of bedding stone would be required under
these two upper layers. This stone would be placed on a 1.5 horizontal to
1 vertical slope up to elevation 20.0 NGVD. Between elevations 20 and 40
NGVD, a 6 inch layer of seeded topsoil should be placed on a 2 horizontal
to 1 vertical slope. The toe of the structure would extend 14 feet onto
the beach with the same layer thickness as on the slope. A plan view and
cross sections are shown on Plates 3, 4 and 5. The proposed project is
primarily located on property owned by the Town of Chatham. A detailed
technical analysis of the selected plan is contained in Apperdix A,

6. ESTIMATES OF FIRST OOSTS AND ANNUAL CHARGES

Estimates of first costs and annual charges for the proposed project
are presented in Table 1. An annual cost of $500 for maintenance at the
project after construction has been included as a non-Federal
responsibility. Annual costs are based on the current Federal interest
rate of 8 1/2% and amortized over an estimated project life of 25 years.
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TABIE 1

ESTIMATES OF FIRST COSTS
AND ANNUAT, CHARGES

FIRST OOSTS
ITEM QUANTITY UNIT UNIT PRICE QOST

EXCAVATE EXISTING ARMOR STONE 1,110 CY 35.00 $ 38,850
EXCAVATE SAND 4,000 CcY 5.00 20,000
GEOTEXTILE FAERIC 3,900 SY 3.60 14,040
BEDDING STONE (<50 IBS.) 1,620 cY 30.00 48,600
UNDERIAYER STONE (400-500 LBS.) 2,620 CY 65.00 170,300
ARMOR STONE (2-3 TONS) 4,670 cY 78.00 364,260
COMPACTED RANDCM FILL 17,000 CcY 9.50 161,500
6" TOPSOIL AND SEED 2,700 SY 6.00 16,200
GRANITE CURB 160 LF 25.00 4,000
4" BIT CONCRETE SIDEWALK 800 SF 2.00 1,600
12" OOMPACT GRAVEL BASE 35 CcY 20.00 700
REMOVE WOODEN STATRWAY 1 JOB IS 500
REMOVE EXISTING GUARD RAIL 280 IF 5.00 1,400
INSTALL NEW GUARD RAIL 440 LF 25.00 11,000

SUBTOTAL $852,950

CONTINGENCY 74,050

TOTAL CONSTRUCTION OOST $927,000

ENGINEERING AND DESIGN 30,000%
SUPERVISION AND ADMINISTRATION 23,000
TOTAL ESTIMATED PROJECT FIRST COST $980, 000

*Does not include pre-authorization costs of $10,000.

ANNUAT, OOST
INTEREST & AMORTIZATION $ 95,800

OPERATION & MATNTENANCE 500

TOTAL ANNUAL QOST $ 96,300



7. ESTIMATES OF BENEFITS AND BENEFIT COST RATIO

The purpose of this section is to evaluate the benefit and cost of
improvement plans at Lighthouse Beach in Chatham, MA to prevent shoreline
erosion. An improvement plan is econamically feasible if it has a benefit
cost ratio greater than one. Project benefit and cost is stated in the
December 1991 price level. The applicable interest rate for use in
evaluating Federal water resources improvement projects for fiscal year
1992 is 8 1/2%.

The econcmic resource that is immediately endangered is about a 500
foot section of Main Street in front of the Coast Guard station and in
back of Lighthouse Beach. This site is located just north of the terminus
of Main Street at its intersection with Bridge Street. According to
information provided by the Cape Cod Commission, traffic counts taken
north of the site on Main Street indicate a year round total of 5,211
vehicles per day. Underneath the road, on the west side there is a water
pipeline, and on the east side, a natural gas pipeline. Above ground on
both sides of the road are utility poles with electric, telephone and
cable TV lines.

The without project condition and the no action condition are
considered to be the same. Without a project erosion will continue
unabated forcing the closure of Main Street in back of Lighthouse Beach
with the rerouting of traffic. Additionally, the gas pipeline and two
electric utility poles will have to be relocated.

With the project there are two major types of benefits- (1)
elimination of two traffic detour costs and (2) utility relocation cost.
Traffic detour cost has two components - vehicle operating cost for the
additional mileage necessitated by the detour, and the value of time lost
by vehicle occupants. The detour would run from the intersection of Main
Street with Shore Road, along Main Street to its intersection with Stage
Harbor Road, along Stage Harbor Road to its intersection with Bridge
Street and then from Bridge Street to its intersection with Main Street
just south of Lighthouse Beach. The full length of the detour would
necessitate approximately two additional miles for travellers. As not all
vehicles will be making the full detour, one half mile is taken as the
additional distance travelled due to the detour.

Not all vehicles in the traffic count are anticipated to be detoured.
With the loss of the parking lot and overlook in back of the beach, it is
anticipated that fewer vehicles will be using Main Street. Additionally,
other vehicles in the traffic count would not be delayed if their trip did
not extend to Lighthouse Beach. Thus in estimating delays the year round
traffic count is reduced by 50 percent. The variable cost per mile of
operating a vehicle has been estimated by the Corps to be $0.20. The
anmual cost (rounded to the nearest hundred) is estimated to be:

5,211 vehicles X 0.5% X 0.5 miles X $0.20 per mile X 365 days =

$95,100.
5



The value of time lost by car occupants following the detour is
detenninedbytakhmgﬂxeproductoftheammalmmberofvdﬁcl&sdetwred,
the number of occupants per vehicle, the hourly delay and the value of
time. The detour time assumes an operating speed of 35 miles per hour for
one half mile. The value of time is taken as leisure which is valued at one
third the average hourly wage of $11.75, or $3.92. The value of time lost
is estimated to be: -

5,211 vehicles X 0.5% X 365 days X 1.5 people X 0.014 hours X $3.92 =
$78,300.

‘meassmptiomusedtodeterminedetwrcostaresxmrizedinmblez.
TABLE 2

DETOUR COST ASSUMPTIONS SUMMARY
LIGHTHOUSE BEACH, CHATHAM, MA

Detour (miles) 0.5
Vehicle Count (daily) 5211
% Vehicle Count Detoured 50
Variable Operating Cost per Mile $0.20
Hourly Value of ILeisure Time $3.92
Passengers per car 1.5
Detour Operating Speed (mph) 35

The second major benefit category is the elimination of relocation cost
for utility lines. The Colonial Gas Campany has estimated the cost of
relocating the gas line to the east side of Main Street to be $6,500. The
cost of relocating TV and telephone cable were minor. The cost of
relocating the electric power lines could not be obtained in time for this
report, but is not expected to be large. The $6,500 annualized at 8 1/2%
for a 25 year project life is $600.

A third benefit that is not formally part of the analysis, would be the
prevention of reduced response time for the Coast Guard in an emergency
situation. The Coast Guard currently has a requirement to have a boat in
operation at Aunt Iydia's Cove within 30 minutes. It currently takes 10
mimites to reach the Cove from Main Street.. Following the detour, according
to Coast Guard estimates, the trip could take an additional 15 minutes
during the busy summer season when streets are congested. Thus the Coast
Guard will have to either relocate personnel closer to Aunt Iydia's Cove or
suffer a degradation in their ability to respond to an emergency situation.
It is not known at this time which option the Coast Guard will choose.

A comparison of project benefit and cost is made in Table 3. Anmual
benefit is $174,000 and annual cost is $96,300, for a benefit cost ratio of
1.81 and net benefit of $77,700.



TABLE 3
PRQJECT EVAIUATION
LIGHTHOUSE BEACH, CHATHAM, MA
25 Year Project Life,
interest rate 8 1/2 %

Anmual Benefit

Transportation Cost $ 95,100
Value of Time $ 78,300
Relocation Cost $ 600
Total $174,000
Anmual Cost $ 96,300
BCR 1.81
Net Benefit $ 77,700

8. ENVIRONMENTAL CONSIDERATIONS

The existing project area includes a coastal bank approximately 40
feet high. Vegetation cover at the top and side slope of the bank is low
due to erosion of the site. Mean high water reaches the base of the bank
throughout the project site.

The remains of an existing protection structure was uncovered by the
last storm event. This revetment and slabs of asphalt paving from the
parking lot can be seen at the base of the coastal bank. The proposed
project would complete the protection of this area by continuing the line
of existing revetments immediately north and south of the proposed project
area. A wetlands Order of Conditions is currently being obtained by the
local sponsor and other State permits are proceeding under emergency
authorizations. We will be preparing an Envirormental Assessment during
Engineering Plans and Specifications.

9. REQUIREMENTS OF LOCAL COOPERATION

During preparation of this DPR, close coordination has been maintained
with both Town and State representatives. The Commorwealth of
Massachusetts will be the official sponsor of the proposed work and
members of the Massachusetts Department of Environmental Management will
sign the Local Cooperation Agreement (LCA) prior to construction. The
Commonwealth in turn will have a reciprocal agreement with the Town of
Chatham. Ietters of Intent from the Town and the State, indicating their
willingness to support the project and meet required items of local
cooperation, are included in Appendix C.

7



The draft Local Cooperation Agreement (LCA) indicates that the local
sponsor will: _

a.

C.

Provide without cost to the United States, all lands, easements,
rights-of-way, and utility relocations necessary for project
construction.

Hold and save the United States free fram damages due to the
construction, operation and maintenance of the project, except
where such damages are due to the fault or negligence of the
United States or its contractors.

Maintain and operate the project after completion without cost to
the United States in accordance with regulations prescribed by
the Secretary of the Army. Annual maintenance costs are
currently estimated to be $500.

Prevent future encroachment which might interfere with proper
functioning of the project.

Camply with Title VI of the Civil Rights Act of 1964 (78th Stat.
241) and Department of Defense directive 5500.11 issued pursuant
to and published in Part 300 of Title 32, Code of Federal

Regulations.

Assume responsibility for all costs in excess of the Federal cost
limitation of $500,000.

Provide 25 percent of the total project costs (excluding
pre-authorization study costs), including necessary project
lands, easements and rights-of-way. The total non-Federal
contribution is currently estimated at $490,000.



10. RECOMMENDATIONS

I recammend that this report be approved as a basis for the
preparation of plans and specifications and construction of the selected
plan described herein under authority contained in Section 14 of the 1946
Flood Control Act, as amended. I further request that the New England
Division Engineer be designated the approval authority for the
construction plans and specifications.

Recamendations contained herein reflect the information available at
this time and current Departmental policies governing formulation of
individual projects. They do not reflect program and budgeting priorities
inherent in the formulation of a national Civil Works construction program
nor the perspective of higher review levels within the Executive Branch.
Consequently, the recammendations may be modified before they are
transmitted for authorization and/or implementation funding. However,
prior to transmittal, the sponsor, the state, interested Federal agencies,
and other parties will be advised of any modifications and will be
afforded and opportunity to coment further.

Philip R.|Harris
Colonel, {Jorps of Engineers
Division Engineer

e 18 Mo 9/ i by



APPENDIX A

TECHNICAL ENGINEERING



APPENDIX A

TECHNICAL ENGINEERING

1. Summary. Severe erosion along the back shore of Lighthouse Beach in
Chatham, MA is endangering a municipal parking lot and the adjacent public
way. The erosion was caused by severe wave attack at the base of the
slope. The recamended solution includes construction of an armor stone
revetment on a 1 vertical on 1.5 horizontal slope. The armor stones
should range in size from 2 to 3 tons based on a 7.0 foot breaking wave.

2. Purpose. Inspection of shoreline erosion at Lighthouse Beach in
Chatham, MA for possible Federal participation under the Section 14
Authority.

3. Date of Inspection. 26 November 1991
4. Participants.

M. Donovan, Design Division, Civil Engineering Branch

C. Lindsay, Cost Engineering Division

T. Beauchemin, Geotechnical Engineering Div., Design & Facilities
Evaluation Branch

5. Site Conditions. The proposed project site consists of approximately
440 linear feet of eroding shoreline in Chatham, MA known as Lighthouse
Beach. (See Sketch No. i) The eroded bank ranges in height from about 33
feet at the south end to about 38 feet at the north end of the site, and
slopes at 1 vertical on 1 horizontal or steeper along the entire reach.
At the top of the bank is a paved municipal parking lot adjacent to a
public street. Approximately 160 linear feet of paved sidewalk and
granite curbing, which ran along the sea side of the parking area, has
fallen down the slope to the beach. The receding bank is beginning to
undermine the edge of the parking lot in a few areas. The erosion was
apparently caused by severe wave attack which undermined the toe of the
slope and caused the top slope to slump down the slope.

The remains of an armor stone revetment are scattered along the toe of
the existing bank. The rock is a dark gray slabby granite with a maximum
size of 6 feet in length by 4 to 5 feet in ‘width. About 50% of the
existing rock is slabby and only 1 to 2 feet thick. The pile of armor
stone along the toe ranges from 2 to 7 feet high and extends along the
full length of the base of the slope. There was no evidence of any
underlayer stones or filter layers beneath the existing armor stone.

The existing bank materials consist primarily of very clean,
stratified, coarse to medium sands (SP). The overburden along
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approximately 150 linear feet of the toe of the existing bank consists of
campact, stratified inorganic silt (ML). The top of the silt layer forms
an arc which rises from 1 foot above the base of the slope at each end to
about 6 feet at its center. The top 2 to 3 feet of the silt layer is
light brown to brown and appears weathered. Below the brown layer, the
silt turns to a dark gray color. There was no evidence of any emerging
groundwater along the entire slope. Based on previous topographic surveys
performed by others, the base of the slope is at about elevation 3.0 feet
NGVD and the top of the slope ranges from about elevation 41.0 feet NGVD
at the north end of the site to about elevation 36.0 feet NGVD at the
south end of the site. From the toe of the slope, sea side of the
existing armor stone, a narrow sand beach slopes very gently toward the
ocean. This strip of beach is sulmerged at normal high tide,
approximately elevation 3.3 feet NGVD.

Immediately to the north of the site is an existing armor stone
revetment, which was designed by Coastal Engineering Co., Inc. (CEC).
This revetment consists of a layer of 4 to 6 ton armor stone placed on a 1
vertical on 1.5 horizontal slope. The armor stone extends up to elevation
20.0 NGVD and down to elevation -4.0 feet NGVD. Beneath the armor stone
is a 9 inch thick layer of bedding stone placed on a double layer of
geotextile. The toe of the armor stone layer consists of 6 to 8 ton
stones. A similar armor stone revetment, also designed by CEC, is
currently under construction immediately to the south of the proposed
project site.

6. Recommended Design. An armor stone revetment was selected as the best
means to prevent further erosion at this site. Armor stone will provide a
permanent solution to the shoreline erosion, and will blend in with the
existing revetments to the north and south of the site.

Based on studies conducted by the Coastal Engineering Branch, the
armor stone should extend up to elevation 20.0 feet NGVD, and should be
designed to withstand a 7.0 foot breaking wave with severe toe scour
conditions. This design criteria was developed to provide a stable
structure during a 100 year fregquency storm event. The design of the
armor stone revetment was performed in accordance with criteria presented
in the Shore Protection Manual, 1984; and in Coastal Engineering Technical
Note, "Riprap Revetment Design" CEIN-III-1.

Based on the above criteria, a double layer of uniform size armor
stone ranging in size from 2.0 to 3.0 tons was selected. This results in
a total armor stone layer thickness of 6.0 feet. The armor stone should
be placed on a 3.0 foot thick layer of uniform size underlayer stone
ranging in size from 400 to 500 pounds. The underlayer stone should be
placed on a 1/-6" thick layer of quarry run bedding stone which ranges in
size fram chips to 50 pounds. The bedding stone should be placed on a
geotextile which is designed to separate the compacted random backfill
from the bedding stone layer while permitting free drainage of the
backfill. (See Sketcn Nos..2 & .3) -
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The armor stone layers and all bedding layers should be placed on a 1
vertical on 1.5 horizantal slope to minimize encroachment on the
intertidal zone. Considering the total thickness of the stone layers, the
individual placement methods that will be required for the armor stone
layers, and extensive experience with similar materials and structures at
New England Division, this structure will have a conservative factor of
safety for slope stability. The campacted randam fill slope above the top
of the armor stone should be 1 vertical on 2 horizontal, and covered with
a 6 inch layer of topsoil prior to seeding. This slope should also be
stable based upon experience with similar materials.

7. Previous Design. An armor stone revetment was previously designed for
this site by CEC. Their design is similar to the New England Division
design since it includes a layered system of armor stone, underlayer
stone, bedding stone, and geotextile placed on a 1 vertical on 1.5
horizontal slope. CEC’s proposed revetment also extends from elevation
-5.0 to +20.0 feet NGVD. The primary differences in the two designs are
the recamended stone sizes, layer design, and toe design. CEC’s
recamended armor stones are larger, 4 ton average size, and are only
placed in a single layer. NED’s design requires two layers of armor
stone. Similarly, CEC’s recommended underlayer stones are larger, 2 ton
average, and are only placed in a single layer. CEC’s bedding stone layer
consists of a 12 inch thick layer of 6 inch stone as opposed to NED’s 18
inch layer of quarry run stone ranging in size fram chips to 50 pounds.
CEC’s toe design consists of setting several very large, 6 to 8 ton armor
units at the base of the slope. NED’s recammended toe consists of a berm
with a 14 foot horizontal top width consisting of an extension of the
sloping revetment layers.

8. Construction Considerations. It is assumed that tracked construction
equipment can operate on the beach during construction of the armor stone
revetment. Work on the toe portion of the revetment must be performed
during low tide periods. Access to the beach is available fram several
locations.

Prior to commencement of any construction activities, the existing
armor stones must be removed and stockpiled outside of the limits of the
new construction. Most of the existing armor stones can be utilized in
the new underlayer or armor stone layers. Stones with satisfactory size
and shape characteristics may be placed directly in the appropriate stone
layers. Slabby stones not meeting shape criteria should be broken as

ired to make them conform. To the maximum extent possible, existing
stones should be used in the underlayers or in the toe section of the
armor stone layers so that the exposed armor stone slope will consist
primarily of stones provided from a single source which are fairly uniform
with respect to quality, color, and appearance.

Existing beach sand which is excavated from the toe area of the new
revetment should be stockpiled to the sea side of the toe for later
backfilling over the conpleted toe berm. If silt materials are encountered
in the toe excavation, this material should be separated from the beach
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sand and disposed of off site. The toe exavation should extend no deeper
than elevation -5.0 feet NGVD. This depth was determined to be a
practical excavation limit due to excessive caving and sea water intrusion
during excavation of test pits at the site by CEC during their previous
design efforts.

A1l stone work should start at the toe and progress up the slope.
Once the toe berm is campleted, it can be used as a working platform to
camplete the sloping section of the revetment.

9. terial Gradations.

a. Armor Stone. Armor stone units shall weigh from 2.0 to 3.0 tons.
A minimm of 50% of the total tonnage of armor stone shall consist of
stones weighing 2.5 tons or more.

b. Underlayer Stone. Underlayer stone units shall weigh from 400 to
500 pounds. A minimm of 50% of the total tonnage shall consist of stones

weighing 450 pounds or more.

c. Bedding Stone. Bedding stone shall consist of well-graded quarry
run stone ranging in size from chips to 50 pourds.

d. Random Fill. Randam fill shall consist of free draining, granular
material free of stumps, debris, topsoil, silt, clay, or organic soils
such as peat or muck.
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The design still water level (SWL), wave height and wave runup for the
subject project are as follows:

The SWL is 410 feet NGVD. This SWL has a 100-year recurrence interval and
is based on a revised FEMA flood insurance study for the Town of Chatham.
This study utilized a two dimensional storm surge model that simulated the
surge levels in Chatham Harbor/Pleasant Bay. The 100-year event, either a
hurricane or northeaster, having a sustained wind speed of 75 mph from the
south-southeast direction was used as the meteorological inputs to the
storm surge model.

Based on this storm condition and the resulting SWL, the design wave
height and significant wave runup on the proposed revetment was determined
to be 7 and 10 feet respectively. This wave runup is based on a structure
slope of 1 on 1.5, a nearshore slope of 1 on 50, a water depth at the
structure toe of 9 feet, and a significant wave period of 6.5 seconds.



CHATHAM LIGHTHOUSE BEACH
COST ESTIMATE

Quantities are based on observed but unsurveyed site
dimensions and the NED designed revetment. This design calls for
the removal and stockpiling of the existing stone and excavating
sand from the toe of the proposed revetment. The material would
be stockpiled adjacent to the excavation in the intertidal area
until reused in the revetment.

Construction of the toe would proceed immediately after
excavation. Since working elevations reach -5 msl, this work may
be impacted by the tides. As the toe is completed, compacted
random fill will be placed on the embankment to bring the base
grade up to required elevations. Geotextile will then be placed.
Revetment layers along with additional f£fill will be placed
alternately as necessary to complete the revetment and the
embankment. The embankment will then be top soiled and seeded up
to the parking area above.

This work will require the use of a crane with a clamshell
bucket, a hydraulic excavator and a front end loader all on tracks.
-Access to the site is currently available via town landing at
Bearse’s Lane. The cost of underiayer stone, armor stone and
random fill are based 65 current vendor quotations.

The contingencies for quoted items have been set at 5% to
allow for quantity changes based on survey data. A contingency of
25% has been added to all other items. The effective price level
date is December 2, 1991. Further erosion from winter storms will

require modification to this estimate.
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PREPARATION OF PLAN AND SECTIONS

@eneral

A plan of the project area showing existing conditions and proposed
improvementz iz shown on Plate 3. Crossz sections at two locationz along the
proposed revetment are shown on Plates 4 and 5.

Existing Conditions

Existing features shown are based on a site survey, dated April 1891,
performed by Coastal Engineering Co., Inc. to support design of a revetment
for the Town of Chatham. Plans of their adjacent revetment designs (one since
constructed and one currently under construction) were used to approximately
locate these revetments for the purpoze of tying in the proposed revetment.
Exigsting ground lines shown on the sections represent conditions both before
and after the storm of 3@ Oct 1991, the latter being approximated during a
site visit on 26 Nov 1991.

A topographic survey will be required for final design to accurately
ghow existing conditions, including the as-built locations and elevations of
the adjacent revetments.

Layout of Project Features

Alignment of the design section parallels the existing sidewalk which
prung along the edge of the parking area at the top of the embankment. The top
elevation of the i1l was set to match the grade of the existing zidewalk,
which variesz from E1. 41'+/- NGVD at the northern and to El. 36 at the
gouthern end. A two-foot-wide top beam waz included to allow for replacement
of the guide rail along the edge of the sidewalk.

The dezign gection will transition over a 4@'+/- length on each @nd to
match exigting slopes.

REAL ESTATE REQUIREMENTS
While the project is primarily located on property of the Town of ~
Chatham, temporary and permanent easements will be required on the adjacent
properties. Easements for construction access will also be required along the
beach from the proposed access point at the town landing on Bearses Lane.
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! By CINDY HOY

: Csape Cod Newspepers Staff

‘ Assessment of damage from
_last week’s storm continued over
the weekend, with Spring Hill
Beach being the area most signifi-
. cantly damaged by the extreme
- wind and high tides.

While ocean waters broke

. through in two areas on Town
Neck Beach, the newly recon-

. structed dunes, along with the
" vegetation, remained nearly in-
itact, but the already damaged
: boardvnlk m further dismantled.
Tne portion starting at the end of

Boardwalk Road was discon-
nected from its pilings and now
sits in the parking lot. Last Wed-

nesday’s late afternoon high tide

“pushed by strong northeast winds,
rose to cover the road and marsh.

Over at Horizon's on Cape Cod
Bay, manager Kathleen Fuller ex-
plained how they had to “tell”
people to leave the restaurant at
about 3 p.m. due to rising waters

ya

.

Storm assessment
conti ues in town

which were cascading over the
adjacent parking lots.

“It was amazing the number of
people we had,” Fuller said. “We
were busier that day than we've
been in weeks.”

The lower function room had
water and sand damage to the
carpeting. The restaurant re-
opened last Thursday at 11:30 am.

“Basically, we just had a mess,”
she said. “There was sand every-
where. The porch resembles a
beach. We were much luckier
than we could have been.”

Joe's Lobster and Fish Mart did
not have any water in the build-

ing, but at one point it was sur- -

rounded.

At the adjacent Sandwich Ma-
rina, manager and harbormaster
Mark Hastings admitted there
were “some mad moments” as
the water level rose to being chest
deep on the walkways. A transient
commercial boat smashed part of
the commercial dock, and the B

I Please tum to page 18 ‘

nnm' "

HUNGRY OCEAN WATERS. Many Spring Hill Beach residences, like these, lost their foundations as the
storm's extremely high tide pounded the dunes. (Staff by Cindy Roy)




were rescued in the mudst ot we
storm by deputy police chief Way-
ne Love Wednesday i

morning. i
Because of the extent of the -

devastation, the police department
dlosed North Beach for the mext

|

1

two to four months, reported fire

eaptain Peter Connick.

At moon last Wednesday, #he
emergency operations center was
activated at the police station and
continued monitoring and coordi-
nating emergency activities

through Monday. At 6 pm. last

Wednesday, selectmen issued an

~ emergency declaration for the .
bank over Lighthouse Beach.'

Friday afternoon, the board de-
clared the east coast of town from
Jackknife Harbor to Morris Island
a disaster area.

8chool was let out at noon last
Wednesday because police were
concerned flooding would prevent
some children from getting home.
Schools reopened Thursday.

Late that afternoon, Governor
Weld declared a state of emer-
gency for Barnstable County and
other coastal counties throughout
the state. Yesterday morning, the
town was still awaiting an antici-
pated presidential disaster decla-
ration from President Bush which
would make available federal
funds to defray some of the costs

) incurred by the storm. -

1hat was good news o exccu-
tive secretary James Lindstrom,
who said last week Hurricane Bob
“wiped us out of cash.” '

With the disaster declaration in
hand, Lindstrom said, the Corps
of Engineers will likely, at the

§
HE

direction of the Federal Emer- -

gency Management Agency
{FEMA), assume responsibility for
building the revetment on the
Lighthouse Beach bluff that the
town had been planning. The town
will still contribute a portion of the

cost. . .
"~ Lindstrom did not yet know
Monday what the town’s share
would be or how soon the Corps
would start building.

Although no one was ordered to
leave, dozens of residents were

evactuated last Wednesday after-

noon, at least one reluctantly, re-
ported fire captain Richard
Hunter. David Ovans, an 86-year-
old resident of Andrew Harding's
Lane, insisted on staying in- his
home. He was eventually con-
vinced to leave by fire chief Will-
iam Schwerdtfeger and police
chief Barry Eldredge.

Feeling secure on Water Street, {

resident Charlotte Ventola opted
not to leave her home.

“l wouldn’t think of leaving”
she said. “I didn’t leave during
Hurricane Bob. If
pened, I'd have to be here to take
care of e »

Ventola’s house did “take a
hit,” she said. A ty wave
crashed through one of

£

:

glass doors and pushed a desk up |

'
[ 4

-

against a back wall. The brown
wave brought with it enough sand
%o cover the floor of the room.
Walking in that room, Ventola
said, was lkike walking on the
beach. She spent most of Thurs-
day clearing sand from her home.

e many, Ventola considers
herself fortunate and is thankful
the damage was not worse.

A shelter was opened last Wed-
mesday afternoon at the high
school, where the Red Cross pro-
vided a hot supper to a handful of
evacuees. No one spent the night
and it was closed Thursday.

Thursday morning, the state Di-
vision of Marine Fisheries closed
e Sesterday becsuse of poLem:
un cause of poten-
tal contanﬁnﬁtion from flooded
sewer systems and grounded
boats.

The Coast Guard was searching
last Tuesday night for a man who
tried to row his dinghy out to his
boat in Stage Harbor to secure it.
According to. petty officer Eugene
Mosher, the resident, whose name
he did not know, lost control of his
dinghy after losing an oar. Unbe-
knownst to the Coast Guard at the
time, he and his boat drifted to
Hardings Beach and he walked
back to his car.

The police department kept
traffic moving around the light-
house and spectators away from
the overlook all week. The Mass-
achusetts Turnpike Authority
came down Wednesday evening
with Jerscy borriers to block off
the overlook parking lot and to
prevent the curious from peering

{ over what was left of the cliff.

| The sea didn’t crash into

| George Ganaway’s house at 24

' Andrew Harding’s Lane, but Jam-
es Fitchett’s cottage, No. 28, did
after breaking free from its foun-
dation and sailing several feet into
the other building. Both struc-
tures were condemned by Child.

Main Street resident Victor

Tyler saw the Fitchetts’ cottage
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when it was waterborne. It moved
slowly, he said, so slowly that
decorative red and blue bottles in
the kitchen window sill were still
standing after the house. came to
a halt against the Ganaway home.

The Fitchetts took advantage of
Saturday's Indian Summer
weather to salvage what they
could from the house where flood-
ing was three feet high inside.
The Fitchetts’ adjoining garage
was demolished by the storm.
Much of its contents had blown to
a vacant lot behind the Ganaways'
home. Susan Patterson, a family
friend, was searching a flooded
area of the lot for china that was
in the garage. Framed photo-
graphs, a brass light and other
items she had already found were
drying on the grass.

Marco Odiaga was inspecting
his parent’s home at 170 East
Main St. Thursday. The house had
escaped structural damage, but he
was concerned about possible salt
water intrustion into the septic
system.

“For four years, we've been
waiting and hoping,” he said. “Af-
ter a while, you start kidding your-
self and begin thinking, ‘Maybe
it'll be O.K.".”

Flooding on Morris Island Road
was so extensive it was impass-
able about half a mile down from
the lighthouse. Two cars were
partly submerged in a lake that
had formed on the road. By
Friday at noon, that road and
others had been pumped out by
the Army Corps and the highway
department, according to fire cap-
tain Richard Hunter. Hunter said
Morris Island suffered little dam-
age from the storm.

Lindstrom called the overall
damage devastating and Eldredge
Thursday morning called the situ-
ation “extremely bad.

“The more we evaluate, the
worse it gets,” he said. “The dam-
age is severe. It's definitely much
worse than we thought.”
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APPENDIX C

IETTERS OF INTENT



DEC-13-1991 B4:28PM FROM CHATHAM POLICE DEPARTMENT  To

TOWN OF CHATHAM
Office of the Selectmen

December 13, 1991

Colonel Philip R, Harris, Division Engineer
Corps of Engineers - New England Division
Department of the Army

424 Trapelo Road Building #100

Waltham, MA 02254-9149

Dear Colonel Harris,

The Board of Selectmen support your efforts on our behalf to
construct a revetment on lower Main street in the vieinity of
the Chatham Light, As a result of the October storm, the
embankment has seriously eroded and has already lost portions
of the sidewalk, The road itself is a main traffic artery,
connecting to residents of the Little Beach area and streets to
Morris and Stage Islands. We have secured our portion of the
funding at a Special Town Meeting December 2 and subsequent
debt exclusion election December 10. As we have indicated
previously, in our letters of August 29 and October 10, time is
of the essence and we hope review and approval will be speedily
accomplished.

Very trply yours,

Nofman H, Bowes .
airman

NH/rmw ;

549 Main Street, Chatham, Massachusetts 02633 (508) 945-2100
™Tal P oo
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“*TOWN OF CHATHAM

Office of the Selectmen

May 31, 1991 | | S

colonel Philip Barris

us army corps of Engineers
42¢ Trapelo Road
Waltham, MA 02254

pear Colonel Harris,

In addition to the continued shoaling occurring at aunt Lydia's
Cove, the Town of chatham is experiencing significant erosion
in. front of the chatham Coast Guard station at Lighthouse
gBeach, We reviewed the area with Captain Anthony Pettit, Woods
Hole Group Commander, who came away stating that this was the
most threatened area of the Coagt Guard's facilities, We would
like to request that funds ‘be made avallable from gsection 103,
ghore Protection of the Rivers and Harbors Act of 1962 so that
together with the Coast Guard and the Town, we can develop and
implement an effective protection for this area.

vary truly Yours,

;Krman H.” Héwes

aicman
NE/wnh
l‘. -
~. v o~ nL--F 'ﬁf\np--hua-‘“h- n‘?lf\'l'l - o (508) 945'2100
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